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Abstract
Purpose  To investigate the clinical application value of the non-shared incentive diffusion imaging technique (ZOOM-DWI) 
diagnoses of cervical spondylotic myelopathy (CSM).
Methods  49 CSM patients who presented from January 2022 to December 2022 were selected as the patient group, and 
50 healthy volunteers are recruited as the control group. All subjects underwent conventional MRI and ZOOM-DWI of the 
cervical spine and neurologic mJOA scores in patients with CSM. The spinal ADC values of segments C2-3, C4-5, C5-6, 
and C6-7 are measured and analyzed in all subjects, with C5-6 being the most severe level of spinal canal compression in the 
patient group. In addition, the study also analyzes and compares the relationship between the C5-6 ADC value and mJOA 
score in the patient group.
Results  The mean ADC shows no significantly different levels in the control group. Among the ADC values at each measure-
ment level in the patient group, except for C4-5 and C6-7 segments are not statistically significant, the remaining pair-wise 
comparisons all show statistically significant differences (F = 24.368, p < 0.001). And these individuals have the highest 
ADC value at C5-6. The C5-6 ADC value in the patient group is significantly higher compared with the ADC value in the 
control group (t = 9.414, p < 0.001), with statistical significance. The ADC value at the patient stenosis shows a significant 
negative correlation with the mJOA score (r = −0.493, p < 0.001).
Conclusion  Cervical ZOOM-DWI can be applied to diagnose CSM, and spinal ADC value can use as reliable imaging data 
for diagnosing cervical myelopathy.
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Introduction

Cervical spondylotic myelopathy (CSM) is a common neu-
rological disorder caused by degenerative changes in the 
spine that lead to compression of the cervical spinal cord. 
Conventional MRI technology is not sensitive to the early 
diagnosis of CSM and cannot accurately assess the neuro-
logical impairment of patients [1, 2]. In recent years, diffu-
sion imaging technology has developed rapidly. At present, 
studies have pointed out that Diffusion tensor imaging (DTI) 

indicators, such as mean diffusivity (MD) value and frac-
tional anisotropy (FA) value, can predict the postoperative 
recovery of CSM [3, 4]. However, due to the long imaging 
time of DTI, patients are not easy to tolerate, which is likely 
to lead to the limitation of clinical application.

ZOOM-DWI (Philips Healthcare, Netherlands), also 
known as non-public excitation diffusion imaging, is a 
small-field imaging technique. It combines an ordinary 
90°radiofrequency pulse with an oblique 180°reunion pulse 
to select and excite a local field of view (FOV). With the 
application of a saturated band, it can achieve the purpose 
of reducing FOV while not producing curl, to obtain a 
high-quality image. Compared with ordinary DWI images, 
ZOOM-DWI technology has shorter imaging time, lower 
magnetic susceptibility artifact, and higher blood contrast, 
and its advantages have been confirmed by previous studies 
in the imaging of thyroid, pituitary, and other organs with a 
small field of vision [5].
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In this study, the value of ZOOM-DWI in the diagnosis of 
cervical spondylotic myelopathy was diskussed by analyzing 
the changes in cervical spinal cord ADC values in patients 
with CSM.

Data and methods

General information

49 CSM patients who presented from January 2022 to 
December 2022 are selected as the patient group (mean age 
52.6 ± 11.2 years old, 34 men and 15 women). The most 
severe vertebral canal compression segment in the patient 
group is C5-6. During the study, 50 healthy volunteers 
matched with the patients in gender and age selected as the 
control group (mean age 54.7 ± 9.0 years old, 34 men and 
16 women). All volunteers in the patient group and control 
group underwent routine cervical vertebra and ZOOM-DWI 
examinations after admission.

Inclusion criteria: (1) Classic signs and symptoms of 
CSM; (2) There is no contraindication of MRI. (3) Able to 
cooperate with the inspector smoothly.

Exclusion criteria: (1) Patients with metal implants; (2) 
lactating and pregnant women; (3) Postoperative patients 
with cervical spine; (4) Spinal cord tumors, trauma, inflam-
mation, and demyelinating diseases.

Neurological function assessment

Evaluation of spinal cord function using the mJOA score. 
This scale was revised by the Japanese Orthopedic Asso-
ciation on March 18, 1994, to evaluate spinal cord nerve 
function in patients with cervical spondylosis, with a total 
score of 17. Including upper limb motor function, lower limb 
motor function, upper limb and trunk sensory disorders, and 
bladder function. The neurological function is evaluated in 
patients with CSM before surgery. The mJOA score is per-
formed by two experienced clinical attending physicians, 
and the average of the two physicians' evaluations is taken 
as the mJOA score.

Routine MRI and ZOOM‑DWI scanning

Philips ingenia-cx model is used for conventional plain MRI 
and ZOOM-DWI examination of cervical vertebra in all 
volunteers. Conventional MRI scans include sagittal T2WI, 
sagittal T1WI, and the STIR sequence in the sagittal posi-
tions. The patients are placed in the supine position.

The sequence scanning parameters of the cervical spinal 
cord are as follows: Sagittal T1WI: TR 590 ms, TE 7.5 ms, 
FOV 160  mm × 229  mm; Sagittal T2WI: TR 2500  ms, 
TE 110 ms, FOV 161 mm × 232 mm; Sagittal STIR: TR 

2500 ms, TE 60 ms, FOV 60 mm × 228 mm; ZOOM-DWI: 
FOV 220 × 60 mm, acquisition matrix 88 × 24, TR 3000 ms, 
TE 53 ms, scanning layer number 13, layer thickness 3 mm, 
NSA = 1. Two b values are used in the study, b = 0 s/mm2 
and b = 400 s/mm2.

Image post‑processing

Raw images are sent to the Philips workstation: Nebula 
Workstation (IntelliSpace Portal) 9.0, Neuro Perfusion for 
processing. The narrowest part (C5-6) determines sagittal 
T2WI images of the cervical spine, and ADC values at all 
levels measures on sagittal images of ZOOM-DWI, with a 
region of interest (ROI) of about 10–15mm2, as shown in 
Fig. 1. The above data measure for three times in each case 
and averaged.

Statistical analysis

Statistical analysis is performed in the control group 
using EXCEL and SPSS 26.0 software, and all values are 
expressed as "mean ± standard deviation". Intragroup com-
parison of the spinal cord ADC values between the patient 
group and the control group is performed using variance 
analysis and SNK-q. T-test of independent samples is 

Fig. 1   Schematic diagram of the ADC values measured in the 
ZOOM-DWI sagittal ADC plot
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performed on the narrowest part of the patient group and 
ADC values of each measured segment and correspond-
ing segment. Pearson correlation analysis is performed 
between ADC values at patients' stenosis and mJOA 
scores, and the receiver operator characteristic curve (ROC 
curve) is drawn for analysis. p < 0.05 means the difference 
is statistically significant.

Results

All the subjects in the patient group and the control group 
complete the routine sequence and the ZOOM-DWI 
sequence scanning, as shown in Figs. 2 and 3.

Table 1 shows that there are no statistical differences 
between patients and controls; The four-square chi-square 
test shows that p = 0.882 > 0.05, indicating no statistical dif-
ferences in gender between the two groups.

Fig. 2   A 53-year-old male healthy volunteer. a sagittal plane T1WI; b sagittal T2WI; c sagittal STIR lipogram; d two-dimensional ZOOM-DWI 
color map; e ZOOM-DWI; f ADC diagram

Fig. 3   A male 58-year-old patient with csm. a sagittal plane T1WI; b 
sagittal T2WI (visible high signal in C5-6); c sagittal STIR lipogram 
(visible high signal in C5-6); d two-dimensional ZOOM-DWI color 

map (visible increased signal of corresponding position); e ZOOM-
DWI (visible increased signal of corresponding position); f ADC dia-
gram
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Comparison of ADC values in each segment 
of the control group

There are no significant differences in the values of C2-3 
ADC (0.84 ± 0.16), C4-5 ADC (0.83 ± 0.16), C5-6 ADC 
(0.86 ± 0.17), and C6-7 ADC (0.85 ± 0.18) at different seg-
ments of the control group (F = 0.274, p = 0.824 > 0.05).

Comparison of ADC values in each segment 
of the CSM patient group

The value of C4-5 ADC (1.04 ± 0.26) is significantly higher 
than C2-3 ADC (F = 18.708, p < 0.001). The value of C5-6 
ADC (1.22 ± 0.20) is significantly higher than C2-3 ADC 
(0.85 ± 0.18) (F = 90.021, p < 0.001). The value of C6-7 
ADC (1.06 ± 0.21) is significantly higher than that of C2-3 
ADC (0.85 ± 0.18) (F = 28.347, p < 0.001). The value of 
C5-6 ADC (1.22 ± 0.20) is significantly higher than C4-5 
ADC (1.04 ± 0.26) (F = 13.698, p < 0.001). The ADC value 
of C5-6 (1.22 ± 0.20) is significantly higher than that of 
C6-7 (1.06 ± 0.21) (F = 14.889, p < 0.001), and the differ-
ences are statistically significant. There are no significant 
differences between C6-7 ADC (1.06 ± 0.21) and C4-5 ADC 
(1.04 ± 0.26) (F = 0.09, p = 0.744 > 0.05).

Comparison of ADC values in each segment 
between CSM patients and the control group

The value of ADC at C5-6 in the narrowest part of the 
patient group is significantly higher than that in the con-
trol group (t = 9.414, p < 0.001). ADC values at C4-5 in 
the upper segment are significantly higher than the control 
group (t = 4.927, p < 0.001). ADC values at C6-7 in the next 

stage are significantly higher than those in the control group 
(t = 5.284, p < 0.001). The above differences are statistically 
significant. However, there are no significant differences 
in ADC value at C2-3 between the patient group and the 
control group (t = 0.152, p = 0.880 > 0.05). See Table 2 for 
details.

Correlation analysis between ADC value 
at the narrowest point and mJOA score

The preoperative mJOA score of 49 patients with CSM is 
(11.31 ± 2.78). Pearson correlation analysis is conducted 
between ADC values at the narrowest segment of patients 
and their preoperative mJOA scores. See Fig. 4 for the scat-
ter plot and fitting equation and Fig. 5 for the ROC curve. 
The results show that the ADC value at the most obvious 
spinal canal compression is significantly negatively cor-
related with the mJOA score (r = −0.493, p < 0.001). The 
area under the ROC curve AUC = 0.907 > 0.5, and the cut-off 
value is 0.99.

Discussion

The imaging techniques used in this study are different from 
those used in previous studies, but both explore the role of 
ADC values in disease diagnosis. Diffusion tensor imaging 
(DTI) quantitative indicators, such as ADC value, FA value, 
MD value, etc. According to the research of Schöller K [3], 
Zheng, WP [4], Banaszek A [6], and Wang K [7], some 
quantitative indicators of DTI can also be used as the diag-
nostic basis for CSM. As one of the important components 
of fMRI, DTI can quantitatively analyze the diffusion move-
ment of water molecules in tissues in three-dimensional 
space compared with DWI. Due to the anisotropic charac-
teristics of water diffusion in tissues, it can show different 
tissue structures, which is of great significance in the study 
of white matter fiber bundles in the brain [8, 9]. FA value 
and MD value, as two quantitative indexes of DTI, have 
been used many times in previous studies. The difference 
between the two is that FA value reflects the anisotropic dif-
fusion degree of water molecules in white matter fibers, and 
mainly explores the directivity and integrity of fiber bun-
dles. The MD value reflects the speed of diffusion movement 

Table 1   Differences of sex and age between CSM patient and control 
groups

Group Cases Sex (n,%) Age (m ± SD)

Male Female

Patient group 49 34 (69.4%) 15 (30.6%) 52.63 ± 11.24
Control group 50 34 (68.0%) 16 (32.0%) 54.70 ± 8.952
Test statistic X2 = 0.022 t = −1.013
p 0.882 0.313

Table 2   Spinal ADC values at 
each disk level in CSM patients 
and controls groups

ROI Patient group (m ± SD) Control group 
(m ± SD)

F t p

ADC C2-3 0.85 ± 0.18 0.84 ± 0.16 0.022 0.152 0.880
C4-5 1.04 ± 0.26 0.83 ± 0.16 10.792 4.949 0.000
C5-6 1.22 ± 0.20 0.86 ± 0.17 0.446 9.414 0.000
C6-7 1.06 ± 0.21 0.85 ± 0.18 0.567 5.284 0.000
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and mainly explores the integrity and size of tissue cells. 
However, the imaging time of DTI is long, which is dif-
ficult to meet clinical requirements. Therefore, DWI with 
more time advantage is considered in this experiment. In 
this paper, whether ZOOM-DWI technology can be applied 
to the diagnosis of clinical CSM is diskussed. Compared 
with traditional DWI reflects tissue microstructural changes, 
ZOOM-DWI has greater advantages and potential due to 
shorter imaging time, lower susceptibility artifacts, and 
higher blood contrast. During the experiment, ZOOM-DWI 

technology is used to measure the change of ADC value 
and detect the diffusion changes of water molecules in the 
spinal cord, which could reflect the subtle cervical spinal 
cord injury and identify early myelopathy, which was more 
sensitive than conventional cervical MRI [10].

The comparison between the patient group and the con-
trol group showed that: First, ADC values of different seg-
ments in the control group are not different. It can be proved 
that the experimental method is consistent and reproducible. 
Second, there are no differences in the ADC values of the 
upper and lower segments of the narrowest segment in the 
CSM patient group. The closer the segment to the most obvi-
ous stenosis, the higher the ADC value, while the farther 
the segment from the narrowest has little influence on the 
ADC values. As can be seen from the above, compared with 
the normal population without CSM, ADC values at and 
near this segment will also increase with the increase in the 
severity of cervical spinal cord compression in patients with 
CSM. In ZOOM-DWI technology, ADC value serves as its 
basic quantitative index, which can be used to describe the 
velocity and range of diffusion motion of water molecules 
in different directions in the organizational structure of the 
DWI sequence. The larger the ADC value is, the stronger 
the dispersion motion of water molecules is [11]. Since early 
axon damage in CSM patients will change the direction of 
water molecules, ZOOM-DWI can provide ideas for the 
early detection of CSM \* MERGEFORMAT [12].

The results of each segment comparison between the 
patient group and the control group show that compared 
with the normal cervical spinal cord structure, ADC value 
increases with the increasing severity of the cervical spinal 
cord compression site. Starting from the pathophysiological 
mechanism of the disease, CSM often begins with degen-
eration and collapse of the intervertebral disk, followed by 

Fig. 4   Correlation between 
spinal cord ADC value at C5-6 
level and mJOA score in CSM 
patients

Fig. 5   ROC curve of C5-6 spinal ADC value in the diagnosis of CSM
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a narrowing of intervertebral space, and then loss of nor-
mal cervical lordosis. During the progression of cervical 
degeneration, neurological structures will also be damaged. 
ADC value can be quantified as an indicator of the diffu-
sion intensity of water molecules in human tissues. When 
an axon is damaged, the movement of water molecules will 
not be restricted, increasing ADC value [13–15]. Similarly, 
the larger the ADC value, the stronger the molecular diffu-
sion ability of water can be quantified, which indicates the 
destruction of the fiber cell membrane or myelin sheath \* 
MERGEFORMAT [16, 17]. Therefore, ADC value can pro-
vide ideas for the early detection of CSM. According to the 
experimental results, the ADC value of the cervical spinal 
cord just reflects the severity of the disease, and correlation 
analysis also supports this view.

Correlation analysis results show that the higher the ADC 
value in the narrowest part of CSM patients, the lower the 
clinical mJOA score of corresponding patients, that is, the 
more serious the disease. It can be concluded that ADC 
value is significantly correlated with the severity of cervi-
cal spinal cord compression in CSM, which is expected to be 
applied in the clinic. Spinal cord injury caused by mechani-
cal compression, abnormal intersegmental activity caused 
by instability of the cervical spine, and disorders of spi-
nal blood circulation is often considered the pathogenesis 
of cervical spondylotic myelopathy \* MERGEFORMAT 
[18]. Sato [19] shows that ADC value is closely related to 
the severity of CSM symptoms. Because the compression 
may cause damage to the nerve structure, which makes 
the activity of water molecules in the cervical spinal cord 
unrestricted, the higher the ADC value, the more severe the 
patient's symptoms will be. This also explains why the ADC 
value of C5-6, the segment with the most severe cervical 
spinal cord compression in the CSM group, is the highest, 
and the upper and lower segments show significant statisti-
cal differences compared with the control group, which is 
also consistent with the previous experimental results. The 
ROC curve is also drawn in this paper to directly reflect the 
sensitivity and specificity of this diagnostic method. The 
larger the AUC value under the ROC curve, the better the 
classification effect. Therefore, ADC value can provide a 
new imaging parameter for the diagnosis and treatment of 
clinical CSM.

The experiment has its limitations and shortcomings. 
First, in terms of sample selection: 49 CSM patients and 
50 healthy volunteers are randomly selected in the experi-
ment, a total of 99 people. Although the selected samples 
could prove the corresponding statistical relationship, if 
more sufficient samples could be found, the results would 
be more accurate. Second, in terms of data acquisition: the 
CSM patients selected in this experiment all have the most 
severe cervical spinal cord compression at C5-6 segments, 
and the compression level of patients is single. Although 

the experimental results are valid, follow-up verification 
should conduct for CSM patients with compression at other 
segments.

To sum up, the ZOOM-DWI technology mentioned in 
this paper objectively and quantitatively describes the fea-
sibility of cervical spinal cord ADC value in the clinical 
diagnosis of cervical spondylotic myelopathy. Cervical 
ZOOM-DWI can be applied in the diagnosis of CSM, and 
spinal cord ADC value can be used as reliable imaging data 
for the diagnosis of cervical spondylotic myelopathy.
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